Nitrate NO 3 -and nitrite NO 2 -are naturally occurring ions that are part of the nitrogen cycle. In oxygenated systems, NO 3 -is the stable form of combined nitrogen. Although chemically unreactive, NO 3 -can be reduced by microbial activity Hakeem et al., 2016; Nagymate et al., 2003 . The nitrogen in NO 2 -exists in a relatively unstable oxidation state. Chemical and biological processes can further reduce NO 2 -or oxidize it to NO 3 - Li et al. 2016; Tugaoen et al., 2017 . Excessive concentrations of nitrogen in the form of nitrate, nitrite, and ammonium promote eutrophication of water systems, which can adversely impact both ecosystem balance and human health Li et al. 2016; Mesina et al., 2003 . In soil, decomposition of fertilizers containing inorganic nitrogen and wastes containing organic nitrogen produce ammonia, which is then oxidized to NO 2 -and NO 3 -. The NO 3 -is taken up by plants during growth and used in the synthesis of organic nitrogenous compounds. Surplus NO 3 -readily moves with surface and ground water. NO 2 -can be formed chemically in distribution pipes by nitratereducing bacteria during stagnation of NO 3 --containing and oxygen-poor drinking water Nagymate et al., 2003; Smith et al., 2015 . Furthermore, well water and reservoirs are often contaminated with both NO 3 -and NO 2 -. Absorbed NO 2 -is rapidly oxidized to NO 3 -in the blood, especially in infants. In the bloodstream, NO 2 -is involved in the oxidation of haemoglobin Hb to methaemoglobin metHb ; the Fe 2+ present in the haem group is oxidized to the Fe 3+ form, and the remaining NO 2 -binds firmly to this oxidized haem. The Fe 3+ form does not allow oxygen transport due to the strong binding of oxygen Jaffé, 1981; Craun et al., 1981 .
The toxicity of NO 3 -N to humans is due primarily to its reduction to NO 2 -N. The major biological effect of Note NO 3 -N and NO 2 -N are higher as a result of runoff and the discharge of sewage effluent and certain industrial wastes.
Tap water and leftover bath water in conical flasks shielded from illumination by covering the flask with aluminum foil were left on a laboratory bench at room temperature 21-27 for a specified number of days. This experiment was held in the time when there was little change of room temperature to investigate the correlation between the generation of NO 2 -N and the occurrence of microorganisms under natural environment. Levels of NO 3 -N and NO 2 -N, the number of coliform CF bacteria, and total viable bacteria count TC were determined on days 0, 1, 3, 7, and 14 Figure 1 . NO 3 -N and NO 2 -N levels were measured using a Pack Test for NO 3 /NO 3 -N and NO 2 /NO 2 -N with Digital Pack Test-Multi SP Kyoritsu Chemical-Check Lab. Corp., Tokyo, Japan . To determine CF and TC, aliquots 1 mL of each sample were gently poured into individual dishes containing pre-aliquoted portions of simple and easy dry medium for CF or TC Nissui NO 2 -N in humans is oxidation of normal Hb to metHb, which cannot transport oxygen to the tissues. Reduced oxygen transport becomes clinically evident when metHb concentrations reach ≥10% of the normal Hb concentration. This condition, called methaemoglobinaemia, causes cyanosis and, at higher concentrations, asphyxia Avery, 1999; Fewtrell, 2014 . In addition, NO 2 -reacts with nitroso group compounds in the human stomach to form N-nitroso compounds. Many of these N-nitroso compounds are carcinogenic in a variety of animals Spiegelhalder, et al., 1976 and probably humans as well, although the data from a number of epidemiologic studies are at most only suggestive. for the indicated number of days. Levels of NO 3 -N and NO 2 -N A, C and numbers of coliform CF and total viable TC bacteria B, D were determined on the indicated days. The levels of NO 3 -N and NO 2 -N were measured using a Pack Test for NO 3 /NO 3 -N and NO 2 /NO 2 -N with Digital Pack Test-Multi SP. The numbers of CF and TC bacteria were determined using simple and easy dry medium for coliform or total viable bacteria n = 3 . The experiments were repeated at least twice and those results were identical to this result.
NO 2 -N, is toxic, denitrification to further reduce NO 2 -N to NO, N 2 O, and N 2 or inhibition of microbial nitratereducing reactions represent important means of reducing the levels of NO 2 -N in water Mcllroy et al., 2016; Li et al., 2016; Smith et al., 2015 . The biological activities of anaerobic nitrate-reducing bacteria such as Escherichia coli and Pseudomonas denitrificans result in the accumulation of NO 2 -N in the ecosystem Kelso et al., 1997 . The present results suggest that significant concentrations of NO 2 -N can accumulate in tap water containing NO 3 -N as a result of increases in the number of CF and TC. In particular, significant increases in NO 2 -N to > 0.1 mg/L were detected in tap water containing NO 3 -N incubated for 24 h at 37 as a result of the addition of exogenous CF and TC and culture medium Figure. 2 . However, not all of the nitratePharmaceutical Co., Ltd. Ishihara et al., 2017 . The plates were incubated for 24 h in a 37 incubator Alp Co., Ltd. , at which time the colonies in each dish were counted. Plating and counting were performed as a set of 3 technical replicates n = 3 . On day 0, tap water did not contain detectable NO 2 -N, CF, or TC but did contain 2.82 mg/L of NO 3 -N Figure 1A . After a lag of 1 day, NO 2 -N, CF, and TC began to increase over the 14-day study period. The level of NO 3 -N in tap water and leftover bath water was 2.91 and 1.80 mg/L Figure 1A , 1C , respectively, which gradually increased over 3 days. Thereafter, the NO 3 -N level declined slightly until day 14. By contrast, no increases in NO 2 -N, CF, or TC were observed over the 14-day period in tap water and leftover bath water maintained at 4 in a refrigerator data not shown . Thus, NO 2 -can be formed by CF and TC at room temperature 21 when NO 3 -Ncontaining, oxygen-poor drinking water is allowed to stagnate.
The generation of NO 2 -N by microbial action was examined using CF and TC in paper-filtered pond water pH 6.6 from a garden on the campus of the National Defense Medical College Figure 2 . Pond water was diluted 1/5 vol/vol with tap water and added 50-fold diluted culture medium RPMI-1640; R8785, SigmaAldrich Co. Ltd., Tokyo, Japan , then incubated for the indicated time periods at 37 . The original mixture pH 6.8 contained 1.02 mg/L NO 3 -N and undetectable levels of NO 2 -N as well as 59 CFU/mL of CF and 2,900 CFU/mL of TC. After incubation for 17 h at 37 , both the CF and TC had increased substantially, to 3.0 10 7 CF/mL and 5.2 10 7 TC/mL, whereas the levels of NO 3 -N and NO 2 -N had increased to 1.47 and 0.03 mg/ L, respectively. Thereafter, the numbers of CF and TC did not change significantly, whereas the NO 2 -N concentration increased to 0.11 mg/L by 23 h. By contrast, the NO 3 -N level reached a plateau 1.13-1.47 between 17 and 44 h. Thus, adding nutrients along with CF and TC to tap water resulted in the generation of NO 2 -N after just 1 day of incubation.
In Japan, fresh tap water weakly acidic contains approximately 0.5 ppm of HOCl, which gradually degrades over a period of a few days. The degradation of HOCl is correlated with a reduction in microbicidal activity against CF and TC. Furthermore, the presence of NO 2 -N in water results in more rapid decay of HOCl associated with the oxidation of NO 2 -to NO 3 - Ishihara et al., 2017; Inagaki, 2011; Fukuzaki, 2006 . Indeed, 0.15 mg/L NO 2 -N in tap water UV-irradiated for 24 h completely disappeared within 5 min following the addition of 5 ppm of HOCl pH 6.5 data not shown . Thus, HOCl mediates the oxidization of NO 2 -to NO 3 -. Microbial nitrate reduction constitutes an important part of the global nitrogen cycle. As the reaction product,
FIG. 2
Increase in NO 2 -N concentration associated with exogenous microbial activity. Water samples were prepared by diluting both culture medium RPMI-1640 at 1/50 vol/vol and pond water at 1/5 vol/vol with tap water and then incubated for the indicated time periods at 37 . Levels of NO 3 -N and NO 2 -N and numbers of coliform CF and total viable TC bacteria were determined on the indicated days. The levels of NO 3 -N and NO 2 -N were measured using a Pack Test for NO 3 /NO 3 -N and NO 2 /NO 2 -N with Digital Pack Test-Multi SP. The numbers of CF and TC bacteria were determined using simple and easy dry medium for coliform or total viable bacteria n = 3 . The experiments were repeated at least twice, and those results were identical to this result. mm; BD Falcon, Franklin Lakes, NJ, USA , which then were covered with thin plastic food wrap Kureha Corp., Tokyo, Japan in place of the lid. Direct sunlight irradiation was performed by leaving the plates outside 28 on a clear day in June n = 2 . Plates were irradiated with UV light using a UV lamp GL-15; Hitachi Appliance reducing microorganisms affecting the balance of natural ecosystems have been identified.
The effects of irradiation with sunlight Table 1 and  UV Table 2 on the generation of NO 2 -N from NO 3 -N were also evaluated. Samples of drinking water 20 mL were dispensed into tissue culture dishes 100 20 For the controls, two different tap waters No. 1, 2 were shielded from direct sunlight irradiation by covering the dishes with lids and aluminum foil before placing the dishes outside. The levels of NO 3 -N and NO 2 -N were measured using a Pack Test for NO 3 /NO 3 -N and NO 2 /NO 2 -N with Digital Pack Test-Multi SP. NO 2 -N >0.04 mg/L, which is the maximum water quality limit in Japan. The experiments were repeated at least twice and those results were identical to this result. For the controls, the drinking waters two different tap waters No. 1, 2 , four different PET bottle waters No. 1-4 , and cleansed water No. 1 were shielded from direct UV-light irradiation by covering the dishes with the lids and aluminum foil before irradiation. The levels of NO 3 -N and NO 2 -N were measured using a Pack Test for NO 3 /NO 3 -N and NO 2 /NO 2 -N with Digital Pack TestMulti SP. NO 2 -N >0.04 mg/L, which is the maximum water quality limit in Japan. The experiments were repeated at least twice and those results were identical to this result.
